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ABSTRACT  The  currently  recommended  means  of  control¬ 
ling  marine  borer  damage  of  timber  piling  by  chemical  pre¬ 
servative  systems  are  compared  with  pile  barrier  systems. 
Annual  costs  of  untreated,  creosoted,  arsenical-treated,  and 
dual-treated  timber  piling  are  estimated  for  fender  and 
bearing  systems  in  various  geographical  regions.  Included 
in  these  estimates  are  the  maintenance  options  of  pile 
replacement  and  barrier  system  installation.  Annual  costs 
are  also  estimated  for  chemically-treated  or  untreated  timber 
prewrapped  with  polyvinylchloride  (PVC),  polyethylene 
(PE),  or  precoated  with  polyurethane  (PU).  It  is  concluded 
that  the  most  cost-effective,  proven  system  for  timber  bear¬ 
ing  piles  in  all  regions  is  creosoted  piling  (in  tropical  and 
subtropical  areas  also  arsenical-treated  piling)  protected  by 
wrapping  with  PVC.  The  most  cost-effective  system  for  tim¬ 
ber  bearing  piles,  not  yet  proven  by  long-term  testing,  is 
untreated  piling  wrapped  with  PVC  or  PE  or  coated  with  PU 
before  driving.  The  most  cost-effective,  proven  system  for 
fender  piling  in  all  areas  is  the  arsenical-treated  piling  (in 
polar  regions  also  creosoted  piling)  protected  by  PVC  wrap. 
The  most  cost-effective,  experimental  system  for  fender 
piling  is  untreated  piling  wrapped  with  PVC.  Implications  of 
this  analysis  on  common  timber  piling  usage  practices  at 
Naval  shore  facilities  are  discussed  along  with  specific 
recommendations  to  improve  those  practices. 
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introduction 


The  Navy  has  historically  relied  on  timber  piling  for  marine  construe 
tion  but  its  use  is  in  jeopardy.  The  failure  of  timber  piling  caused  by 
marine  borers  has  been  and  continues  to  be  a  major  concern.  The  cost  of 
timber  piling  included  in  new  military  construction  projects  in  1978  was 
approximately  $25  million  in  the  United  States  (Ref  1).  Because  of  infla¬ 
tion,  the  current  annual  cost  of  all  timber  piling  used  in  new  military 
construction  and  for  repair  of  old  structures  in  the  United  States  and 
overseas  is  likely  near  $50  million.  As  much  as  50  percent  of  this  cost 
can  be  attributed  directly  to  damage  caused  by  marine  boring  organisms. 

The  development  and  widespread  use  of  concrete  bearing  piles  and  recent 
research  into  the  use  of  prestressed  concrete  fender  piling  arise,  in 
part,  from  the  shortcomings  of  timber  piling.  The  continued  use  of  timber 
in  the  marine  environment  is  contingent  on  the  ability  of  wood  to  compete 
with  concrete. 

The  advantages  of  using  wood  in  the  marine  environment  include  its 
high  strength,  relatively  low  cost,  resilience,  convenient  shape,  low 
conductivity,  reliability,  availability,  and  workability.  The  disadvan¬ 
tages  most  often  cited  are  its  fixed  size  and  limited  durability.  Con¬ 
crete  piling,  in  contrast,  can  be  constructed  in  virtually  any  diameter 
desired  and  are  not  significantly  affected  by  marine  boring  organisms. 
While  wood  cannot  compete  with  massive  concrete  bearing  piles  for  large 
waterfront  structures,  the  advantages  of  timber  still  make  it  a  viable 
option  for  bearing  piles  for  smaller  piers  and  for  most  fendering  appli¬ 
cations.  The  key  to  the  continued  usefulness  of  timber  piling  is  an 
effective  method  of  assuring  its  durability.  Such  a  method  now  exists. 

In  the  past,  the  Navy  has  relied  almost  exclusively  on  pressure 
treatment  of  timber  with  creosote  to  prevent  marine  borer  attack.  The 
development  of  alternative  chemical  treatments  such  as  pressure  treatment 
with  water-borne  arsenical  salts  or  a  combination  of  arsenicals  and  cre¬ 
osote,  are  recent  attempts  to  remedy  the  main  problem  of  creosoted  timber, 
i.e.,  its  susceptibility  to  the  crustacean  marine  borer,  Limnoria.  These 
alternative  treatments,  while  effective  in  prolonging  the  life  of  timber, 
are  not  without  problems.  Both  alternative  processes  embrittle  wood, 
dual  treatment  is  more  costly,  and  microbial  erosion  and  leaching  even¬ 
tually  render  all  chemical  systems  ineffective.  The  continued  reliance 
on  timber  piling  treated  with  water-borne  salts  or  creosote  (or  both)  is 
questionable  not  only  because  of  the  reasons  cited  above  but  because  the 
continued  use  of  these  preservative  systems  is  in  jeopardy.  Creosote 
has  been  declared  an  oil  by  the  Environmental  Protection  Agency  (EPA) 
and,  thus,  is  subject  to  the  same  restrictions  as  other  oils.  The  oil 
film  produced  when  a  recently  creosoted  pile  is  driven  is  a  reportable 
violation  of  the  Water  Quality  Act  of  1971  (Ref  2).  The  EPA  has  further 
declared  creosote  to  be  a  toxic  substance  that  is  detrimental  to  the 
environment  and  has  banned  over-the-counter  sale  of  this  preservative. 


Those  preservatives  often  used  in  lieu  of,  or  with  creosote,  namely  the 
water-borne  salts  of  copper,  arsenic,  and  chromium,  have  also  been  subject 
to  criticism  by  the  EPA  and  their  continued  use  is  questionable.  Arsenic 
used  in  anti fouling  paints  has  been  barred  because  of  adverse  affects  on 
the  marine  environment  and  both  copper  and  chromium  salts  are  considered 
suspect . 

Despite  the  shortcomings  of  preservative-treated  timber  usage  in 
the  marine  environment  and  competition  from  alternative  materials,  there 
will  be  a  continued  demand  for  timber  piling  in  the  forseeable  future. 

The  present  facilities  constructed  with  timber  piling  are  often  repaired 
by  replacing  the  old  timber  pile  with  a  new  one.  In  addition,  new  con¬ 
struction  using  timber  piling  is  often  relatively  inexpensive  because  of 
low  capital  costs.  Even  more  important  is  the  fact  that  alternatives  to 
chemical  timber  preservation  now  exist.  Pile  wrapping  systems  are  an 
inexpensive,  effective  means  of  eliminating  marine  borer  damage  and  have 
extended  the  durability  of  wood  in  the  marine  environment.  These  barrier 
systems  for  protecting  both  new  and  old  piling  can  make  the  difference 
between  high  repair  costs  due  to  borer  damage  and  virtually  no  borer 
damage.  Another  advantage  of  wrapping  treated  piling  is  that  leaching 
of  chemical  preservatives  is  effectively  eliminated,  thus,  rendering  the 
system  more  environmentally  acceptable. 

The  economy  of  pile  wrapping  systems  has  been  given  considerable 
attention  in  the  past  but  the  Navy  is  not  yet  widely  using  the  systems. 
Part  of  the  reason  for  the  limited  use  of  wraps  is  that  construction  of 
facilities  is  often  not  accompanied  by  a  detailed  analysis  of  future 
repair  requirements  for  timber  piling  and  the  relative  costs  of  the 
various  repair  options  available.  Too  often,  such  repair  options  are 
considered  only  when  piling  begin  to  fail  and  cost  effective  means  of 
protecting  the  piles  are  no  longer  available.  By  providing  a  detailed 
economic  analysis  of  the  various  chemical  preservative  and  barrier  system 
options,  we  hope  to  make  the  reader  aware  of  the  potential  savings  avail¬ 
able  by  using  a  pile  wrapping  plan  during  or  immediately  after  construc¬ 
tion.  From  a  careful  consideration  of  the  arguments  presented,  the  reader 
can  determine  which  timber  preservation  system  and  protection  or  repair 
option  best  meets  his  requirement  or,  by  comparing  projected  costs  with 
other  material  options,  if  using  timber  is  even  justified.  Where  treated 
timber  piling  are  already  in  place  and  deterioration  has  not  reached  the 
point  where  wrapping  is  futile,  the  economic  analyses  presented  remain 
valid  and  using  the  pile  wrapping  program  can  be  just  as  effective  as  a 
program  planned  during  construction. 


PRESERVATION  OPTIONS 
Chemical  Preservatives 

Chemicals  currently  used  as  preservatives  for  the  Navy's  timbers 
and  their  application  procedures  are  specified  in  MIL-P-23613C  (Ref  3), 
which,  in  turn,  refers  to  specifications  developed  by  the  American  Society 
for  Testing  Materials  (ASTM),  American  Wood  Preservers  Association  (AWPA), 
and  the  American  Wood  Preservers  Bureau  (AWPB).  The  maintenance  standards 
and  the  criteria  and  policies  used  in  their  application  are  summarized 
in  References  4  and  5. 
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Navy  specifications  for  chemical  treatments  for  new  piling  depend 
on  the  type  and  amount  of  borer  damage  at  the  installation  site.  Piling 
pressure  treated  with  creosote  or  creosote-coal  tar  solutions  are  recom¬ 
mended  where  moderate  borer  activity  from  shipworms  and  boring  clams 
(Pholads)  is  present  and  where  the  wood  boring  crustacean,  Limnoria  is 
absent.  Piling  pressure  treated  with  a  water-borne  salt,  either  copper 
chromium  arsenate  (CCA)  or  ammoniacal  copper  arsenate  (ACA),  are  recom¬ 
mended  where  Limnoria  are  a  hazard  and  where  Pholads  are  absent.  Dual 
treatment  with  a  water-borne  salt  and  creosote  is  recommended  where  both 
Llamoria  and  Pholads  are  active. 

The  economics  of  using  timber  pile  is  dependent  on  the  service  life 
of  the  piling.  In  general,  boring  activity  within  each  site  is  directly 
correlated  with  water  temperature;  pilings  are  subjected  to  greater  attack 
in  warmer  waters.  Table  1  presents  estimates  of  the  useful  life  of  chemi¬ 
cally  treated  and  wrapped  piling.  The  actual  useful  life  of  the  various 
chemical  treatments  is  dependent  on  the  numbers  and  diversity  of  marine 
borers,  chemical  leaching  rates,  and  toxicity.  These  parameters  are 
affected  by  water  temperature,  geographic  location,  amount  of  oxygen 
present,  extent  and  type  of  pollution,  salinity,  harbor  water  circulation, 
and  amount  and  condition  of  submerged  wood.  The  useful  life  of  each 
chemical  treatment  should  be  estimated  on  a  site-by-site  basis  predicated 
on  long-term  experience  with  the  treatments  in  question.  Unfortunately, 
in  many  areas  an  estimate  of  the  average  life  expectancy  of  even  creosoted 
piling  is  largely  based  on  guesswork,  but  the  large  variance  in  borer 
damage  among  piling  with  identical  treatment  and  in  the  same  general 
location  makes  guesswork  highly  unreliable.  Careful  record  keeping  that 
includes  installation  dates,  treatment  details,  replacement  dates,  and 
periodic  inspection  results  for  piling  is  vital  for  determining  the  average 
piling  useful  life  and  the  annual  cost  of  piling  employed.  Of  course, 
where  a  particular  treatment  has  never  been  tried,  there  are  no  efficacy 
records  available  and  the  experience  of  others  should  be  elicited.  Al¬ 
though  each  site  is  unique  and  should  be  independently  evaluated,  general 
conclusions  about  the  useful  life  of  treated  piling  can  be  drawn  from  a 
number  of  testing  programs  (Ref  6  through  19)  and  these  form  the  basis 
for  the  estimates  given  in  Table  1. 

Another  factor  rarely  considered  when  determining  the  economics  of 
chemically  treated  piling  is  the  effect  of  these  treatments  on  the  mechan¬ 
ical  properties  of  piling.  Both  resilience  and  strength  of  piling  may 
decrease  after  treatment  (Ref  20,  21,  and  22).  The  greatest  loss  of 
mechanical  properties  is  caused  by  dual  treatment,  followed  by  a  single 
treatment  with  water-borne  salt;  the  least  reduction  of  mechanical  prop¬ 
erties  is  caused  by  creosote  treatment.  A  loss  of  strength  increases 
the  number  of  piling  required  to  meet  load-bearing  specifications  and 
increased  brittleness  makes  both  bearing  and  fender  piles  more  suscep¬ 
tible  to  breakage. 

Barrier  Systems 

Polyvinyl  chloride  (PVC)  is  the  most  extensively  used  flexible  bar¬ 
rier.  Initially  developed  in  1956,  its  use  is  designated  in  NAVFAC  Spec¬ 
ification  TSM  BlOa  (Ref  23).  PVC  wrap  has  been  recommended  as  a  piling 
protection  method  when  cross-sectional  area  loss  due  to  borers  reaches 
10  to  15  percent  (Ref  24).  That  is  satisfactory  for  fender  piles  but 
bearing  piles  should  be  wrapped  before  damage  occurs.  This  is 


especially  important  in  tropical  waters  where  piling  can  be  completely 
destroyed  within  2  years  after  the  onset  of  borer  attack.  Pilings  are 
first  cleaned  of  fouling  organisms  and  then  wrapped  from  just  below  the 
mudline  to  above  the  high  water  mark  with  sheets  of  30-mil  PVC.  Because 
of  the  solubility  of  PVC  in  creosote,  6-mil  polyethylene  liners  are 
placed  between  the  piling  and  PVC  when  freshly  creosoted  timber  is  wrap¬ 
ped.  The  PVC  is  tightened  around  the  piling  and  secured  in  place.  In 
one  patented  system,  the  wrapping  is  tightened  by  wooden  poles  around 
which  the  PVC  is  wrapped  and  turned  by  a  ratchet  wrench.  In  another 
patented  system,  the  PVC  sheets  are  custom  fitted  and  edges  are  joined 
by  a  nylon  zipper;  additional  tightening  is  secured  by  cinching  up  any 
loose  folds  with  straps. 

The  history  of  PVC  wrapping  can  best  be  related  by  citing  the  records 
of  the  Port  of  Los  Angeles.  Their  experimental  program,  initiated  in  1956, 
was  the  first  large-scale  use  of  PVC  wrapping.  The  success  of  the  experi¬ 
mental  program  in  stopping  borer  activity  led  the  Port  to  begin,  in  1962, 
the  standard  practice  of  wrapping  all  bearing  piling  with  PVC.  Over 
10,000  piles  were  so  treated.  This  ambitious  program  was  stimulated  by 
the  resurgence  of  marine  borers  as  a  consequence  of  successful  attempts 
to  clear  the  harbor  of  pollutants  that  had  previously  kept  the  borer 
populations  in  check.  During  this  30-year  period  the  Port  has  maintained 
records  on  the  status  of  wrapped  pilings.  No  other  port  in  the  nation 
nor  Naval  installation  has  such  an  informative  collection  of  pertinent 
records . 

The  estimated  useful  life  of  PVC  wrapped  piling  has  been  increasing 
yearly  with  the  continued  success  of  the  wrapped  piling  program  conduc¬ 
ted  by  the  Port  of  Los  Angeles.  It  was  reported  in  1978  (Ref  25)  that, 
despite  the  potential  for  damage  by  the  more  than  25  tons  of  floating 
debris  that  is  collected  from  the  harbor  daily,  there  has  been  no  failure 
of  a  wrapped  pile.  The  relative  absence  of  borer  damage  to  wrapped  piles 
has  been  corroborated  by  more  recent  inspections  of  wrapped  bearing  piles 
pulled  to  facilitate  new  construction  (Ref  26).  Between  1982  and  1983, 

620  wrapped  bearing  piles  were  extracted.  Sixty  of  these  piles,  most 
wrapped  with  30-mil  PVC  were  randomly  selected  and  evaluated  for  borer 
damage.  Each  pile  surface  below  the  wrap  had  no  visible  living  organisms 
and  the  condition  of  the  wood  was  in  each  case  approximately  the  same  as 
its  condition  prior  to  wrapping.  Since  most  of  these  piles  were  originally 
wrapped  in  1968,  a  service  length  of  at  least  15  years  for  PVC  wraps  was 
established.  Similar  inspections  completed  in  1986  by  the  authors  and 
Port  engineers  have  confirmed  previous  observations.  In  no  case  has  there 
been  borer  damage  observed  below  intact  wraps.  Of  the  hundreds  of  piles 
inspected,  only  one  wrap  was  damaged  enough  to  allow  borer  entry,  and 
another  wrap  did  not  adequately  cover  an  attached  bolt  and  thus  borer 
damage  continued  at  that  point  only.  The  aluminum  alloy  nails  used  to 
attach  the  wraps  were  still  intact  with  little  visible  corrosion.  Piling 
that  had  previously  sustained  heavy  damage  (in  some  cases  up  to  30  percent 
cross-sectional  loss)  did  not  deteriorate  further  after  the  wraps  were 
installed. 

As  yet,  the  piling  wrapped  when  this  program  began  in  1962  have  not 
been  pulled  and  inspected.  There  is  no  reason  to  believe,  however,  that 
inspection  results  will  be  any  different  than  those  described  for  piles 
wrapped  in  1968.  These  results  establish  at  the  Port  of  Los  Angeles 
that  the  service  life  of  timber  piling  will  be  extended  at  least  24 
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years  if  PVC  wraps  are  used.  An  extended  service  life  of  35  years  or 
more  at  the  Port  is  probable.  This  estimate  is  also  considered  reliable 
for  warmer  waters  with  greater  borer  damage  potential  (Ref  26). 

PVC  wraps  for  timber  piling  have  been  installed  to  date  at  a  limited 
number  of  military  waterfront  facilities  (Table  2).  Interviews  with 
facility  engineers  and  inspection  results  at  these  sites  have  confirmed 
the  experience  at  the  Port  of  Los  Angeles;  PVC  wraps  are  an  effective 
means  of  preventing  borer  damage. 

Polyethylene  (PE)  film  has  been  extensively  used  since  1970  by  the 
Port  of  Los  Angeles.  Originally  used  as  the  initial  wrap  over  creosoted 
piling  to  protect  PVC  from  dissolution  by  creosote,  20-mil  thick  PE  has 
been  used  without  an  overwrap  of  PVC  since  1978  as  a  wrapping  system  for 
new  piles.  Because  of  its  relatively  low  resistance  to  abrasion,  a  150- 
mil  high  molecular  weight  PE  jacket  is  usually  installed  in  the  inter¬ 
tidal  area  for  protection  from  floating  debris.  The  application  of  PE 
by  a  heat  shrinking  technique  (developed  and  patented  by  the  Port  of 
Los  Angeles)  is  less  expensive  than  PVC  wraps  and,  unlike  PVC,  requires 
no  plasticizers  (Ref  27).  A  major  disadvantage  is  that  heat-shrunk  PE 
cannot  be  used  for  in-place  pile  wrapping  and  is  restricted  to  treating 
new  piles.  An  even  greater  disadvantage  for  the  Navy  is  that  the  system 
is  not  commercially  available  at  the  present  time,  but  a  "cold"  wrap 
system  for  in-place  pile  repair  using  PE  is  entirely  possible.  A  number 
of  fender  piles  extracted  and  inspected  in  1982  and  1983,  and  many  of 
the  piles  inspected  in  1986  were  wrapped  with  heat-shrunk  PE.  All  of 
these  piles  were  in  excellent  condition.  Thus,  a  confirmed  estimate  of 
the  useful  life  of  PE-wrapped,  creosoted  piles  is  currently  8  years  but 
the  probable  useful  life  is  35  years  or  more. 

Based  on  experience  at  the  Port  of  Los  Angeles,  unwrapped  creosoted 
piling  have  a  useful  life  span  of  about  10  to  15  years.  Because  of  this 
limited  service  life,  an  experimental  program  was  initiated  in  1985  using 
untreated,  PE -wrapped  fender  piles.  It  is  expected  that  these  tests  of 
piles  wrapped  before  driving  will  demonstrate  that  chemical  preservation 
of  wrapped  piles  is  unnecessary  and  that  the  wrap  is  not  unduly  damaged 
by  driving. 

Elastomeric  polyurethane  (PU)  coatings  are  a  relatively  new  concept 
for  timber  piles  but  the  operating  principle  is  the  same,  i.e.,  PU  pro¬ 
vides  a  barrier  to  organisms  and  oxygen.  PU  coatings  can  be  quickly  and 
easily  applied  to  the  desired  thickness  and  require  no  attachment  hard¬ 
ware  that  can  work  loose  or  corrode  after  installation.  PU  coatings  can 
be  formulated  to  cure  underwater,  and  any  breach  of  the  coating  can  be 
quickly  and  easily  repaired.  Polyurethane  coatings  were  applied  to  70 
untreated  fender  piles  in  the  Port  of  Los  Angeles  prior  to  driving  in 
1985.  Thus,  driving  of  PU-coated  piles  is  feasible.  Independent  tests 
with  small  panels  (Ref  28)  have  shown  that  PU  is  not  readily  attacked  by 
boring  organisms.  PU  coatings  for  untreated  piling  appear  to  have  great 
promise. 

Perhaps  the  most  enduring  physical  barriers  are  made  of  concrete. 

In  fact,  in  many  new  construction  sites  concrete  has  been  selected  in 
lieu  of  wood,  especially  where  heavy  loading  is  anticipated.  Prestressed 
concrete  fendering  systems  may  also  soon  compete  effectively  with  timber 
fender  piling.  In  addition,  concrete  can  be  used  to  encase  timber  piling 
either  before  or  after  driving.  The  Port  of  Tacoma  used  the  former 
method  in  1922  and  the  piling  is  still  in  excellent  condition  today. 
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Thus,  the  proven  useful  life  of  concrete  barriers  for  timber  is  now  at 
least  64  years.  Concrete  is,  however,  most  commonly  applied  to  repair 
piling  when  the  damage  is  in  excess  of  15  percent  of  the  pile's  cross- 
sectional  area.  Concrete  is  also  used  as  a  replacement  for  damaged  timber 
piling.  The  capital  investment  for  concrete  repair  of  timber  piling  is 
high,  as  much  as  ten  times  greater  than  the  wrapping  systems. 

Metallic  barriers  offer  protection  against  marine  borers  but  their 
use  has  been  virtually  eliminated  because  of  the  much  lower  cost  of  PVC 
wrapping.  The  most  common  metal  used  was  a  90:10  cupro-nickel  alloy  in 
sheets  2  mils  thick.  The  sheets  were  fastened  to  the  piling  with  monel 
or  cupro-nickel  nails.  The  copper  does  offer  some  antifouling  activity 
from  the  slow  release  of  copper  ions  but  this  advantage  is  not  of  great 
importance  for  piling.  Because  such  metallic  barriers  are  not  econom¬ 
ically  feasible,  they  are  not  included  in  the  cost  analysis. 


ECONOMIC  ANALYSIS 

The  following  economic  analysis  assumes  that  an  effective  inspection 
program  is  followed  and  maintenance  is  performed  on  a  timely  basis.  The 
ideal  frequency  of  marine  timber  piling  inspections  at  each  facility  is 
dependent  on  inspection  costs  and  deterioration  rates.  Where  the  pile 
deterioration  rate  is  known,  the  most  cost-effective  inspection  frequency 
can  be  calculated  (Ref  29).  Where  the  deterioration  rate  has  not  been 
determined,  the  data  in  Table  1  may  be  used  in  a  similar  manner  to  esti¬ 
mate  the  most  cost-effective  inspection  frequency.  In  general,  inspec¬ 
tions  should  be  done  more  often  in  warmer  waters  where  deterioration 
rates  are  higher.  Wrapped  piling  will  require  fewer  inspections  because 
deterioration  will  effectively  cease.  Each  inspection  should  follow  the 
guidelines  developed  by  Brackett  (Ref  30). 

There  are  two  categories  of  timber  piling  used  for  new  construction 
considered  in  this  analysis:  bearing  and  fender  piles.  The  need  for 
repair  or  protection  of  all  chemically  treated  piling  is  included  in  the 
cost  estimates.  This  makes  these  cost  estimates  useful  for  existing 
piling  where  various  options  are  being  considered.  Dolphin  piling  and 
piling  for  seawalls  are  not  considered  as  such,  but  the  factors  involved 
are  similar  to  fender  and  bearing  piles,  respectively.  The  preservative 
options  for  each  pile  usage  category  include  the  presently  recommended 
chemical  preservatives,  creosote,  water-borne  salts,  and  dual  treatment. 
In  addition,  there  are  various  barrier  systems  that  can  be  effectively 
employed,  i.e.,  wraps  made  from  PVC  or  PE,  PU  coatings,  and  concrete. 

Various  assumptions  are  made  in  this  analysis.  Details  of  these 
assumptions  as  well  as  details  of  formula  derivations  are  presented  in 
Appendix  A.  Costs  and  interest  rates  vary  and  may  be  different  from 
those  assumed.  All  cost  estimates  are  based  on  45-foot  Douglas-fir 
piling.  The  reader  is  free  to  incorporate  alternative  cost  estimates 
into  the  formulae  presented.  The  expected  life  of  preservative  treated 
piling  also  varies  and  depends  on  the  location.  The  analysis  is  thus 
completed  for  an  estimated  life  expectancy  value  for  each  preservative 
treatment  and  for  each  geographic  category  as  indicated  in  Table  1. 


Bearing  Piles 


The  calculated  average  annual  costs  of  installing  timber  bearing 
piling  are  presented  in  Table  3  and  Figures  1  through  4.  Included  are 
the  cost  of  treatment  and  repair  or  protection  options  for  treated  and 
untreated  piling  installed  in  tropical,  subtropical,  temperate,  and 
polar  locations.  Costs  for  these  piling  depend  on  the  treatment,  the 
method  of  repair  or  protection  and  the  amount  of  time  before  the  repair 
is  required,  i.e.,  the  durability  of  the  original  treatment.  Protection 
by  wrapping  with  PVC  is  generally  required  about  2  years  before  either 
pile  replacement  or  repair  by  encasement  with  concrete  and  is,  therefore, 
compared  on  that  basis  in  these  tables.  The  installation  of  untreated 
piling  protected  by  PVC  wrapping  is  included  in  these  tables  but  is  not 
recommended  because  long-term  testing  has  not  yet  demonstrated  its  effi¬ 
cacy.  The  calculated  annual  costs  of  installing  bearing  piles  wrapped 
with  PVC  or  PE  or  coated  with  PU  before  driving  are: 

Cost/Pile/Yr 


Treatment  _ ($) 

None  112 
Creosote  149 
Arsenical  Salt  170 
Dual  202 


Since  such  piling  are  not  expected  to  need  repair  within  35  years  of 
installation  in  all  geographical  categories,  only  one  set  of  cost  values 
are  presented.  This  set  of  values  can  be  compared  with  the  calculated 
costs  of  treated  piling  protected  by  barrier  installation  or  replaced 
but  since  long-term  testing  has  also  not  proven  the  efficacy  of  prewrap¬ 
ped  or  precoated  systems  they  are  not  yet  recommended. 

The  calculated  costs  presented  in  Figures  1  through  4  show  that  the 
least  expensive,  proven  approach  to  timber  bearing  piling  installation 
in  all  geographical  areas  is  to  use  PVC  wrapping  after  installing  the 
treated  piling.  The  cost  differences  between  piling  protection  with  PVC 
and  repair  by  concrete  encasement  or  replacement  are  greater  in  tropical 
and  subtropical  areas  because  the  protection  or  repairs  must  be  accom¬ 
plished  sooner  where  biodeterioration  rates  are  higher.  The  greater 
durability  of  treated  timber  in  cooler  waters  reduces  the  calculated 
annual  costs  because  of  the  deferment  of  maintenance  costs.  In  tropical 
and  subtropical  areas,  installing  creosoted  or  arsenical  treated  bearing 
piles,  to  be  subsequently  protected  by  PVC  wrapping,  results  in  comparable 
annual  costs.  In  contrast,  dual  treatment  is  more  expensive.  In  temperate 
and  polar  areas,  the  least  expensive  approach  is  to  install  creosoted 
piling  protected  by  PVC  wrap. 

Although  not  yet  recommended  because  of  the  absence  of  data  from 
long-term  studies,  the  use  of  untreated  timber  either  prewrapped  or  pre¬ 
coated  before  driving  or  wrapped  shortly  after  driving  appears  to  offer 
significant  economic  advantages.  For  all  geographical  areas,  that  advan¬ 
tage  is  an  approximate  20  percent  reduction  of  costs  compared  to  the 
wrapping  or  coating  of  creosoted  timber.  There  is  little  difference 
between  the  calculated  annual  cost  of  untreated,  prewrapped  or  precoated 
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bearing  piling  and  untreated  piling  fitted  with  a  wrapping  system  after 
installation.  The  advantage  of  prewrapped  piling  is  that  there  is  no 
chance  that  the  required  protection  will  be  delayed  after  installation. 

Any  such  delay  could  prove  disastrous.  Therefore,  if  in  the  future  the 
use  of  untreated,  wrapped  piling  is  a  viable  option,  the  most  likely 
recommended  procedure  would  be  to  wrap  or  coat  the  piling  before  driving. 

Fender  Piles 

The  annual  cost  of  fender  piling  is  complicated  by  breakage.  The 
calculations  include  the  annual  expense  incurred  by  this  breakage  and 
take  into  consideration  that  a  diminishing  number  of  the  original  piling 
will  be  attacked  by  borers.  In  all  cases,  greater  breakage  rates  result 
in  greater  costs.  Where  the  breakage  rate  results  in  an  expected  life 
of  the  piling  less  than  that  expected  because  of  borer  damage,  that  por¬ 
tion  of  annual  cost  estimates  due  to  biodeterioration  are  necessarily 
excluded.  In  these  calculations,  the  breakage  rates  of  all  treated  pil¬ 
ing  are  assumed  to  be  the  same.  That  may  or  may  not  be  the  case.  The 
increased  brittleness  of  salt  treated  piling  may  increase  breakage  rates. 

The  annual  cost  of  installing  fender  piling  (Table  4;  Figures  5 
through  8)  is  dependent  on  geographical  location,  pile  treatment,  repair 
or  protection  method,  and  annual  breakage  rate.  The  installation  of 
untreated  fender  piling,  while  included  in  Table  4,  is  not  recommended 
because  long-term  testing  of  untreated  fender  piling,  like  untreated 
bearing  piling,  has  not  yet  been  completed.  The  installation  of  fender 
piles  prewrapped  with  PVC  or  PE  or  precoated  with  PU  (Table  5)  is  also 
not  currently  recommended  for  the  same  reason.  These  options  may  be 
available  in  the  future,  however,  and  cost  estimates  for  untreated  pil¬ 
ing  are  presented  for  comparison  with  currently  proven  systems. 

Figures  5,  6  and  7  indicate  that  the  least  expensive,  proven  system 
for  fender  piling  installation  and  maintenance  in  tropical,  subtropical, 
and  temperate  areas  and  where  breakage  is  less  than  10  percent,  is  the 
arsenical  treated  piling  protected  by  PVC  wrapping  when  required.  In 
polar  regions  the  costs  of  arsenical  treated  and  creosoted  piling  pro¬ 
tected  by  PVC  wrapping  are  comparable  for  all  breakage  rates  (Figure  8). 
Replacing  fender  piles  is  more  expensive  than  protecting  piles  by  PVC 
wrapping  in  all  areas  where  the  need  for  piling  maintenance  due  to  marine 
borer  damage  is  not  eliminated  by  pile  breakage.  Of  course,  if  the  break¬ 
age  rate  is  high  enough  and  the  chemical  treatment  good  enough  to  prevent 
borer  damage  before  breakage  occurs,  than  the  logical  option  is  to  replace 
the  broken  piles. 

The  use  of  untreated,  wrapped  or  coated  fender  piling,  like  untreated 
bearing  piling,  is  not  yet  recommended  because  of  the  lack  of  long-term 
testing,  but  there  is  a  potential  economic  advantage.  In  all  areas  the 
calculated  annual  cost  of  untreated  fender  piling  protected  by  wrapping 
is  about  10  percent  less  than  the  calculated  annual  cost  of  treated  fend¬ 
er  piling  protected  by  PVC  wrapping.  In  polar  areas  the  greatest  savings 
is  affected  by  wrapping  untreated  fender  piling  after  the  onset  of  borer 
damage.  This  savings  results  directly  from  the  greater  durability  of 
untreated  timber  in  colder  waters  and  the  delay  in  required  capital  expen¬ 
ditures  for  maintenance.  In  all  other  areas,  prewrapped  or  precoated 
piling  is  the  least  expensive  option  for  untreated  piling. 


CONCLUSIONS 


1.  Creosote,  the  currently  preferred  preservative  for  timber  piling  in 
the  marine  environment,  is  environmentally  suspect  and  is  relatively 
ineffective  against  the  marine  borer  Limnoria. 

2.  Arsenical  salts,  chemical  alternatives  to  creosote,  are  also  environ¬ 
mentally  suspect,  embrittle  wood,  and  may  adversely  affect  its  strength. 

3.  Polyvinyl  chloride  (PVC)  wrap  has  been  conclusively  demonstrated  by 
long-term,  extensive  use  at  the  Port  of  Los  Angeles  to  be  a  highly  effec¬ 
tive  means  of  preventing  further  marine  borer  damage  to  creosoted  piling. 
PVC  wrap  has  extended  the  useful  life  of  creosoted  piling  24  years  and 
will  likely  extend  it  more  than  35  years. 

4.  Polyethylene  (PE)  wrap  has  been  demonstrated  at  the  Port  of  Los  Angeles 
to  be  a  highly  effective  means  of  preventing  further  marine  borer  damage 

to  creosoted  piling.  The  PE  wrap  has  extended  the  useful  life  of  creosoted 
piling  8  years  and  will  likely  extend  it  more  than  35  years. 

5.  Initial  investigations  at  the  Port  of  Los  Angeles  have  shown  that 
driving  timber  either  prewrapped  with  PVC  or  PE  or  precoated  with  poly¬ 
urethane  (PU)  is  feasible  and  may  offer  economic  advantages  to  wrapping 
after  installation. 

6.  Greater  savings  may  be  realized  by  wrapping  or  coating  untreated  tim¬ 
ber  piling.  Long-term  monitoring  of  140  such  piling  recently  installed 
at  the  Port  of  Los  Angeles  is  required  before  conclusions  can  be  made  on 
its  borer  resistance. 

7.  The  relative  costs  of  timber  piling  chemical  preservation  and  mainte¬ 
nance  options  are  dependent  on  geographical  location;  piling  in  warmer 
water  are  generally  more  expensive  because  of  greater  borer  damage. 

8.  Our  economic  analysis  indicates  that  the  least  expensive,  proven 
approach  for  timber  bearing  piling  is  to  protect  chemically  treated  pil¬ 
ing  (creosoted  piling  in  temperate  and  polar  regions,  and  either  creosoted 
or  arsenical-treated  piling  in  tropical  and  subtropical  regions)  with  PVC 
wraps  after  piling  installation. 

9.  Our  economic  analysis  also  indicates  that  the  least  expensive,  proven 
approach  to  timber  fendering  is  to  use  PVC  wrap  protection  after  instal¬ 
ling  chemically  treated  piling  (arsenical  treated  piling  in  tropical  and 
subtropical  regions  and  either  creosoted  or  arsenical  treated  piling  in 
temperate  and  polar  regions). 

10.  In  tropical  and  subtropical  areas,  where  repairs  of  chemically  treated 
piling  are  soon  required,  it  may  be  advisable  to  install  prewrapped, 
treated  bearing  piling  to  avoid  potentially  catastrophic  delays  in  wrap¬ 
ping. 


RECOMMENDATIONS 


1.  Periodically  inspect  marine  timber  piling  at  all  Naval  facilities 
for  marine  borer  damage.  In  general,  ideal  inspection  frequencies  are 
greater  in  warmer,  unpolluted  waters  and  decrease  with  decreased  temper¬ 
atures  and  increased  pollution. 

2.  If  inspections  indicate  borer  damage  is  30  percent  or  less,  the  bear¬ 
ing  pile  may  be  wrapped  from  the  mudline  to  the  high  tide  mark  with  PVC. 

The  load-bearing  capacity  of  the  whole  structure  must  be  considered. 
Wrapping  the  fender  piling  depends  on  breakage  and  borer  damage  rates. 

3.  Include  a  specific  plan  for  bearing  pile  wrapping  with  either  PVC  or 
PE  for  all  new  construction  in  all  geographical  areas  using  timber  bearing 
piles. 

4.  Include  a  specific  plan  for  fender  pile  wrapping  with  PVC  for  all 
new  construction  in  tropical,  subtropical,  and  temperate  areas,  where 
the  estimated  annual  breakage  rate  is  less  than  10  percent. 

5.  Bearing  piling  should  be  wrapped  during  construction  in  tropical  and 
subtropical  areas  except  where  an  economic  analysis  has  shown  that  wrapping 
bearing  piling  after  borer  damage  becomes  evident  costs  significantly 
less.  In  the  latter  case,  a  specific  inspection  and  wrapping  plan  must 

be  implemented  immediately  after  construction. 

6.  Where  it  is  advisable  to  prewrap  creosoted  piling  for  new  construc¬ 
tion,  20-mil  thick  PE  is  preferred  and  must  extend  from  below  the  mudline 
to  the  high  tide  mark.  The  intertidal  area  should  be  further  protected 
by  encasement  with  a  150-mil  thick,  high  molecular  weight,  PE  jacket. 

7.  Either  PE  or  PVC  can  be  used  to  prewrap  arsenical  treated  piling  for 
new  construction. 

8.  When  advisable  to  wrap  bearing  piling  after  construction,  PVC  is 
preferred  and  should  be  used  before  5  percent  damage  occurs  and  must 
extend  from  below  the  mudline  to  the  high  tide  mark. 

9.  Specifications  based  on  performance  criteria  for  wrapping  systems 
for  timber  piling  should  be  developed  to  assure  maximum  service  life. 

The  experiences  of  the  Port  of  Los  Angeles  would  be  very  helpful  in  this 
regard. 

10.  Continued  research  into  the  use  of  wrapped  or  coated  timber  piling 
untreated  with  chemical  preservatives  should  be  a  high  priority.  Not 
only  is  there  a  potentially  large  economic  advantage  over  presently  recom¬ 
mended  systems  but  the  chemically  untreated,  PVC-  or  PE-wrapped  or  poly¬ 
urethane-coated  piling  are  environmentally  sound. 
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Table  1.  Estimated  Average  Useful  Life  of  Marine  Timber  Piling 


Geographical 

Area 

Treatment 

None 

Creosote 

Arsenical 

Salt 

Dual 

PVC  or 

PE  Wrap 

Tropical 

2* 

7 

15 

25 

35 

Subtropical 

3 

10 

20 

30 

35 

Temperate 

6 

15 

25 

35 

35 

Polar 

10 

25 

35 

35 

—  — 

35 

SA11  numbers  *  years. 


Table  2.  Navy  and  Coast  Guard  Sites  with  PVC-Wrapped  Timber  Piling 


Location 

Contact 

U.S.  Naw 

Pier 

Santa  Cruz  Island,  CA 

Mr.  Lester  Malen 

Deputy  Staff  Civil  Engineer 

Code  00-3 

Navy  Pacific  Missile  Test  Center 

Point  Mugu,  CA 

Camp  Nimitz  Bridge 

San  Diego,  CA 

Mr.  Bill  Thornton 

Mooring  Engineer 

Naval  Public  Works  Center 

San  Diego,  CA 

U.S.  Coast  Guard 

Pier 

Newport  Beach,  CA 

Pier 

Terminal  Island,  CA 

Mr .  Hux 

Civil  Engineer 

Coast  Guard  Civil  Engineering 

District  Office 

Long  Beach,  CA 

Pier 

Ketchikan,  AK 
(experimental  only) 

Mr.  Bud  Morris 

Civil  Engineer 

Coast  Guard  Civil  Engineering 

District  Office 

Juneau,  AK 

Depot  Pier 

Corpus  Christi,  TX 

Mr.  Frank  Mineo 

Civil  Engineer 

U.S.  Coast  Guard 

Corpus  Christi,  TX 

Table  3.  Calculated  Average  Annual  Costs  of  Marine  Timber  Bearing 
Piling  Treatment  and  Repair  Options  In  All  Areas 


Area 

Treatment 

Repair  Option  ($/Pile/Yr)  for-- 

PVC 

Wrap 

Pile 

Replacement 

Concrete 

Encasement 

Tropical 

None 

126 

1,223 

493 

Creosote 

146 

414 

385 

Arsenical  Salt 

148 

234 

276 

Dual 

169 

199 

220 

Subtropical 

None 

122 

805 

456 

Creosote 

138 

293 

318 

Arsenical  Salt 

142 

189 

221 

Dual 

166 

184 

198 

Temperate 

None 

112 

391 

362 

Creosote 

130 

205 

241 

Arsenical  Salt 

138 

165 

187 

Dual 

165 

176 

185 

Polar 

None 

102 

231 

273 

Creosote 

121 

144 

164 

Arsenical  Salt 

134 

144 

153 

Dual 

165 

176 

185 

Table  4.  Calculated  Average  Annual  Costs  of  Marine  Timber  Fender 
Piling  Treataent  and  Repair  Options  in  All 


Area 

Treataent 

Repair  Option  ($/Pile/Yr)  for-- 

No 

breakage 

10%  Broken/ Yr 

Wrap 

Replace 

Wrap 

Replace 

Wrap 

Replace 

Tropical 

None 

ma 

842 

206 

861 

286 

Creosote 

■El 

310 

228 

349 

317 

Arsenical  Salt 

170 

212 

229 

300 

Dual 

136 

151 

235 

235 

340 

340 

Subtropical 

None 

122 

563 

201 

585 

279 

Creosote 

132 

230 

220 

277 

308 

Arsenical  Salt 

118 

143 

207 

212 

300 

Dual 

133 

143 

235 

235 

340 

340 

Teaperate 

None 

112 

287 

187 

318 

262 

348 

Creosote 

124 

170 

212 

229 

300 

300 

Arsenical  Salt 

115 

129 

205 

205 

300 

300 

Dual 

132 

138 

235 

235 

340 

340 

Polar 

None 

102 

180 

175 

220 

248 

260 

Creosote 

115 

129 

205 

205 

300 

300 

Arsenical  Salt 

112 

117 

205 

205 

300 

300 

Dual 

132 

138 

235 

235 

340 

340 

Table  5.  Calculated  Annual  Costs  of  Marine  Fender  Piling 
Wrapped  with  PVC  or  PE  or  Coated  with  PU  Before 
Driving 


Treatment 

Costs  ($/Pile)  for-- 

No  Breakage 

5%  Broken/Yr 

10%  Broken/Yr 

None 

110 

205 

■■ 

Creosote 

140 

250 

■ S  I'-:  _ 

Arsenical  Salt 

140 

250 

360 

Dual 

160 

280 

400 

1KLATMLNT 


Figure  1.  Calculated  annual  costs  of  marine  timber  bearing  piling 


ts  of  marine  timber  bearing  piling 
options  in  subtropical  areas. 
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Figure  3.  Calculated  annual  costs  of  marine  timber  bearing  piling 
treatment  and  repair  options  in  temperate  areas. 
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Figure  6.  Calculated  annual  costs  of  marine  timber  fender  piling 
treatment  and  repair  options  in  subtropical  areas. 
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Appendix  A 

ANNUAL  COST  ESTIMATE  FORMULAE  WITH  ASSUMPTIONS 

Various  assumptions  are  made  in  this  analysis.  Costs  and  Interest 
rates  vary  and  may  be  different  from  those  assumed  here.  The  reader  is 
free  to  incorporate  alternative  cost  estimates  into  the  formulae  presented. 
The  expected  life  of  preservative-treated  piling  also  varies  dependent 
on  location.  The  analysis  is  thus  completed  for  the  range  of  life  expec¬ 
tancy  values  for  each  preservative  treatment  and  for  each  geographical 
area  as  indicated  in  Table  1.  No  analysis  is  completed  for  useful  life 
values  greater  than  35  years  because  of  the  increasingly  small  additional 
amortized  costs  beyond  that  amount  of  time. 

The  following  nomenclature  and  assumptions  are  used  for  the  various 
models: 

AC  =  Annual  cost 
i  =  Interest  rate  is  10% 

Cfl  =  Capital  cost  of  an  untreated  45-foot  pile  is  $800 

C  =  Capital  cost  of  a  creosoted  or  arsenical-treated  pile 

t  is  $1100 

C^  =  Capital  cost  of  a  dual-treated  pile  is  $1300 

C  =  Capital  cost  of  a  single-treated  pile  prewrapped  with  PVC 
V  or  PE  or  precoated  with  PU  is  $1400 

C,  =  Capital  cost  of  a  dual-treated  pile  prewrapped  with  PVC 
W  or  PE  or  precoated  with  PU  is  $1600 

C  =  Capital  cost  of  an  untreated  pile  prewrapped  with  PVC  or 
W  PE  or  precoated  with  PU  is  $1100 

A^  =  Cost  of  wrapping  a  pile  after  installation  is  $450 

A^  =  Cost  of  encasing  the  pile  with  concrete  is  $5000 

=  Cost  of  reinstallation  of  a  timber  bearing  pile  is  $1600 
(does  not  include  piling  cost) 


A- 1 


R,  =  Cost  of  reinstallation  of  a  timber  fender  pile  is  $800 
(does  not  include  piling  cost) 

Estimated  useful  life  of  an  untreated  pile  (Table  1) 

Estimated  useful  life  of  a  treated  pile  (Table  1) 

Estimated  useful  life  of  a  dual-treated  pile  (Table  1) 

Estimated  useful  life  of  a  wrapped  or  coated  pile  is  35  years 

Estimated  number  of  years  before  repair  by  wrapping  is 
required  (2  years  less  than  indicated  in  Table  1) 

F  =  Added  cost  factor  due  to  decreased  strength  of  creosoted 
c  timber  is  1.05 

F  =  Added  cost  factor  due  to  decreased  strength  of  arsenical- 
treated  timber  is  1.2 

F.  =  Added  cost  factor  due  to  decreased  strength  of  dual-treated 
timber  is  1.25 

B  =  Percentage  of  fender  piles  broken  per  year  is  0,  5,  or  10 

Annual  cost  estimates  for  the  various  options  are  developed  using 
the  above  assumptions  and  generally  follow  the  arguments  presented  in 
Reference  31.  The  formulae  developed  consider  the  different  points  in 
time  when  capital  expenditures  are  necessary.  This  is  done  by  assuming 
that  each  policy  will  be  followed  indefinitely.  With  this  assumption 
the  cost  per  year  of  the  initial  capital  investment  is  simply  the 
original  cost  x  interest  rate.  The  added  cost  per  year  for  maintenance 
is  determined  by  discounting  all  costs  during  one  repair  or  replacement 
cycle  back  to  the  present  and  then  calculating  the  equivalent  uniform 
annual  payment  over  that  cycle  time.  The  general  form  of  the  equation 
thus  becomes: 

AC  =  C'i  +  (C  +  R)j^-j  -1(1  - 

(1  +  i)  2  -  1 


where 

[  i  }' 

is  the  present  worth  factor  and 
amount  of  time  required  before 
is  required. 

t.  is  the 
maintenance 

[l  +  ij 

and 

t2 

id  +  i) 

is  the  capital  recovery  factor 
the  expected  useful  life  of  the 
replacement 

and  t„  is 
repair  or 

t2 

(1  +  i)  -  1 

The  following  formulae  are  presented  in  the  order  used  in  the  various 
tables. 


Untreated  Bearing  Piles  Repaired  by  Replacement: 


»C  -  V1  +  <c. +  vfr-h] " 


1(1  +  i) 


(1  +  i)  -  1 

Untreated  Bearing  Piles  Protected  by  Wrapping  with  PVC 


AC  - 


C  i  +  (A 
n  ■ 


w>[rh]  ‘ 


1(1  +  i) 


(1  +  i)  w  -  1 


Untreated  Bearing  Piles  Repaired  by  Encasement  in  Concrete: 


AC  =  C  -i  +  (A  •  i) 
n  c 


1  +  ij 

Creosoted  Bearing  Piles  Repaired  by  Replacement: 


AC  »  F 


T 

T 

' 

r  i  i  * 

n  J  i  /n  »  r»  \  1  A  1 

i(l  +  i) 

Ct  1  (Ct  V  [l  +  ij 

Tt 

(1  +  i)  -  1 

_ 

Creosoted  Bearing  Piles  Protected  by  Wrapping  with  PVC: 


AC  =  F 


' 

T. 

T 

Cvi  +  (A  ) 
t  w 

r  1 1 

i(l  +  i)  W 

1  +  ij 

T 

L  J 

(1  +  i)  W  -  1 

Creosoted  Bearing  Piles  Repaired  by  Encasement  in  Concrete: 

T\ 


AC  ■  F 


Ct'l  +  (*c>[r-h]  * 


Arsenical -Treated  Bearing  Piles  Repaired  by  Replacement: 


r.  ■  V1  +  (ct +  V  [rh]  1  — 1 

/  «  ■  i  \  ^ 


(1  +  i)  -  1 


Arsenical -Treated  Bearing  Piles  Protected  by  Wrapping  with  PVC: 

*c  =  Ct-1  +  (A„)  [j-j-J  ‘  *  »  “  - 

[(1  +  i)  W  -  lj 

Arsenical-Treated  Bearing  Piles  Repaired  by  Encasement  in  Concrete: 


AC  =  Fa  Ct.i  +  (Ac)r^1 


Dual-Treated  Bearing  Piles  Repaired  by  Replacement: 


AC  =  Fd  Cd-i+(Cd+ 


T  T 

R  }  1  1  d  Id  +  1)  d 

V  1  +  ij  T. 

(1  +  1)  d  -  1 


Dual -Treated  Bearing  Piles  Protected  by  Wrapping  with  PVC: 


AC  -  F,  Cd  l  +  <AW)  f-i-jl  “  " 


[d  +  i)  W  -  1 


Dual-Treated  Bearing  Piles  Repaired  by  Encasement  in  Concrete: 


AC  =  Fd  Cdi+(Ac) 


1 

1  +  i 


Untreated,  Prewrapped,  or  Precoated  Bearing  Piles  Repaired  by  Rewrapping: 


AC  =  C  i  +  (A  ) 

w  w  1  +  i 


1  1  W  K1  +  1)  W 


(1+1)-  1 


Creosoted,  Prewrapped  or  Precoated  Bearing  Piles  Repaired  by  Rewrapping: 


' 

T 

T 

C.  -i  +  (A  ) 

tw  w 

f  1  I  “ 

i(l  +  i)  W 

1  +  ij 

T 

L  J 

(1  +  i)  W  -  1 

Arsenical-Treated,  Prewrapped  or  Precoated  Bearing  Piles  Repaired  by 
Rewrapping: 


AC  =  F 


' 

T 

T 

C„  • i  +  (A  ) 

tw  w 

r  i  i  w 

i(  1  +  i)  W 

i  +  ij 

T 

L  J 

(1  +  i)  W  -  1 

Dual-Treated,  Prewrapped  or  Precoated  Bearing  Piles  Repaired  by  Rewrapping: 


AC  *  Fj 


" 

T 

T 

C.  i  +  (A  ) 

dw  w 

1 

w 

i( 1  +  i)  W 

1  +  ij 

T 

(1  +  i)  W  -  1 

Untreated  Fender  Piling  Repaired  by  Replacement: 


AC  =  C  1  +  (Rr  +  C  )(1  -  0.8-t  B) 
n  f  n  n 


1  +  i 


1(1  +  1) 

T 

(1  +  i)  "  -  1 


+  B(R  +  C  ) 
t  n 

Untreated  Fender  Piling  Protected  by  Wrapping  with  PVC: 


AC  =  C  -i  +  (A  )(1  -  0.8  t  B),,  . 

n  w  n  ]  l  +  i 


+  B(R,  +  C  ) 
t  n 


Treated  Fender  Piling  Repaired  by  Replacement: 


AC  =  Ct-i  +  (Rf  +  Ct ) ( 1  -  0.8-t  -B) 


i(l  +  i) 


w 


(1  +  0-1 


‘  1  1 

Tt 

Tt 

1(1  +  i) 

1  +  ij 

I 

Tt 

d  +  1)  *  1 

+  B(Rf  +  Ct) 


A-5 


J 


Treated  Fender  Piling  Protected  by  Wrapping  with  PVC: 


AC 


V*  ♦  (A^xi  -  0.|.t,.|)[rfI 


,Tt 


i(l  ±  i) 


(1  +  i)  -  1 
Dual-Treated  Fender  Piling  Repaired  by  Replacement: 


+  B(Rf  +  Ct) 


AC  *  Cd-i  +  (Rf  +  Cd)(l  -  0.8td-B) 


1  +  i 


i(l  ♦  1) 


(1  +  i)  -  1 


+  B(Rf  +  Cd) 


Dual-Treated  Fender  Piling  Protected  by  Wrapping  with  PVC: 


AC  «  C.  i  +  (A  HI  -  0 . 8  •  T . 

d  w  d 


1(1  +  1) 


(1  +  i)  -  1 


+  B(Rf  +  Cd) 


Untreated,  Prewrapped  or  Precoated  Fender  Piles  Repaired  by  Rewrapping: 


AC  «  C  -i  +  (Aw)(l  -  0.8-T^B) 


1  +  i 


id  +  i) 


(1  +  i)  -  1 


+  B(R,  +  C  ) 
f  w 


Creoaoted  or  Arsenical-Treated,  Prewrapped  or  Precoated  Fender  Piles 
Repaired  by  Rewrapping: 


AC  *  C„  i  +  (A  )(1  -  0.8-T 

tw  w  w 


i(l  ♦  i) 


+  B(Rf  +  Ctw) 


.d  +  i)  -  1J 

Dual-Treated,  Prewrapped  or  Precoated  Fender  Piles  Repaired  by  Rewrapping: 


AC  *  C.  i  +  (A  )(1  -  0.8'T  B)  j-t-t 

dw  w  w  1  +  i 


1 


id  +  i) 


(1  +  i)  -  1 


♦  »<»,  *  V 


A-6 


3 

i 
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Ch  ol  Engrs  DAfcN-CWI  SI.  \S ashingion  IK  l  h  ot  I  ngis  DM  N  SIPI  iS ashineion  IX  (  .mini  <  nut 

Tech  Ref  On  Huachuca  A/  Dising  l)ci  Fl  I  ustis  V  V  IK  MB  DM  l..h  Snpp  I  )n  iDI  I  SI)  I  .  Ii 

Monmouth  NJ.  FFS.A  I  li  Haxclli  Ii  Belion  \  A  II  S\  I  SI  ik.nncsi  It  B.lion  \  \  II  s\  I  SI 
I kraicwskil.  Ft  Bclx.Hr  \  A  |jn  I  ngi  Dir  (  onn  Hi  Ii  Out  <  V  IIODi  (DM  V/(  Mi  poll  Do 
Okinawa  Japan 

ARMS  ARAIXOM  SI  INFO  l)i\  Doxn  NJ 

ARMS  BET  VOIR  RAD  tIN  SIRBI  AMO  Ii  Rclxon  S  \  SIKBI  III  OKI  Ii  Bcls.m  \  \ 

ARSIS  l  I  Kl  t T'.Rl  I  SI)  tl>  t  hut  (  h.imp.iien  II  (  I  Kl  /N  t  li.iinp.iien  II  I  iIm.hx  l  h.iinpneii  II  R.»" 

(  hampaign  II 

ARMS  ( ORPS  OF  l  Nt.RS  I  I)  SS  ilox.li  HtinKxillc  \l  UNDID  SS  IKiiii'Xilk  \l  I  il’i.m  y.nik 
VS  A 

ARMS  t’RRl  I  (  KKI  I  I  t.  ( Rh.Ii  (  I  l  Hanoi ci  Nil 

ARMS  IXPOI  Ictlcrkcnnx  Fjc  I  ngi  (SI)SI  I  Si  I  (  hatnlHishnic  P  V  l.li.ii.mn  SDSI  I  I  I 

(  hamhershurg  PA  SDSNt  I  p  SI  ilorniaiti  Ncxx  (  uinlvilatid  P\ 

ARMS  F NOR  DIM  l  Sl\  t  O  A  Bcnllcx  V  ickshutc  MS  I  iIh.iix  Portland  OK  Phil..  I  il>  Philadelphia  p\ 
ARMS  ENVIRON  HSOIINI  AOt  S  IISIIB  I  VS  Mvnkcn  IS  ox  me  (.uni  SID 

ARMS  I  VS  I  S  I  ihrarx  Vicksburg  MS  VSI  St  D  I  I  VS  Kich.mkoni  Vieksbinc  Ms  Ml  st  V  /  i  VS  halm  i 
\  ickshute  MS  VSI  st  VS  |)  \  icksbure  Sis  VSI  SOP  I  itncciii  Sickshuie  Sis  Wlst.pISl  it  I  Sum  hi 
V  ick'burg  MS 

ARMS  MAI  A  Ml  til  KS<  II  (IN  DKXMK  SSI  items  I  VS.neiioxxn  SI  V 
ARMS  Ml  M(  Mil  II  New  poll  Ne«.  \  \ 

ARMS  IRANS  St  II  ASIPt  DSI  J  on  I  mils  V  V  V  I  SP  t  DM  It  ix  dial  loll  I  ion.  V  \ 

ADMINSl  PI  PVSO  Bahrain 

Bl  Rl  At  Ol  Kl  (  I  AM  A  I  ION  II  I '  I '  It  .VS  DcPiixi  Demer  to  Smo.ii  Iknu:  to 

l  B<  t  >sk'  ID  D.lllslllk  Rl  t  .sle  I'  Poll  llticncmc  <  V  t  ink  I''  Poll  IlmiKiik  I  V  (ode  4ki 

(■ullpori  SIS  I  ihrarx  Daxisxilk  Kl  PVStl  it.sk  sni  Pon  Htieiieiik  <  V  PVSO  Da.  in  ill.  Kl  PVV  ( I 

tiullporl.  SIS  lech  I  ihiarx  Otillpoti  SIS 

(  Bl  4U|  OI(  tircal  I  .ikes  II  4n<  OK  San  Dice*  t  \  411  OK  Noil. .Ik  \  \  41'  lilt  Oak  Hat Ih.i 
VS  A 

t(.  FOl  Kill  SIARDIS  Base  Ops  Nexx  Orleans  I  V 
(  INt  l 'SNA VI  l  R  I  notion  I  nelan.l 

(NO  t  .sle  NOP-lif>4  Washington  IK  t  .sle  OP*>s~l  VSashineion  IH  t  Ip  inis  VV  aslimeion  IK 

(  OMt  Bl  AN  I  (  ode  S4I  Norlolk  VA 

(  OSIl 'BP. At  Die*.,  tiaieia  Pint  Ollt  Pe.nl  llaihoi  III 

COM!) I  CCKiAKI)  I  ihrarx  Washington  IK 

t'OMF  AIRMI  D  St  I  Naples  llalx 

(OMIT  I  At  I  PVSt  liner  Dill  Saselxo  l.ipan  I'VVtl  ka.lciia  Okinawa  PVV  I  I  Sasels*  I.tpall  St  I 
S  okosuka  Japan 

(OSINAS  At  I  PVSO  |  . melon  I  Ireland 
t  OMNAS  AIRI  \NI  Nm  VSpns  Ve  Olli  Noilolk  V  V 
t  OMNASl  (K.PAt  (ode  44 IK  Pe.nl  llailsn  III 

(OMNAV  Rl  SFOR  (ode  UK.  Next  Orleans  I  \  (  .Hle  s; «  New  Oik  am  I  \ 

( OMNASSl  PPFORANI  ARt  IK  A  DM  PVSO  (  hiisi.hm.li  N/ 

(  OMtK  T.ANSSM  AM  l  ie  Mgmt  Ollr  PVV  D  Norfolk  \  V 
(  OMtK  l  ANSSSPAt  St  I  Pearl  llarhoi  III 
(  OM1RAI  SNI  St  I  Norlolk  V  A 

NAV  (HI  ANtOMt  IN  to.  tuiam  Slan.ma  Island'  t  .sle  I  I  S  l  *u.mi  Manana  I'lan.l' 

DFSt  ()VS|  Alexandria  \  A 
DIRSSP  leeh  I  ah.  Washington  |)( 

DOD  DFR  N|  ODonoxan  PI  Slet.niie  MB  M 
DOl  VS  mil  ( Kean  leeh  Dix .  lohateo  SID 
DTK  Alexandria.  S  A 

DTNSRDt  t.Kle  I7:  Belhesda.  SID  (  ode  4111  Kelli.', la  Ml)  14  t:  Ik  dic'd..  SID  111  I  t  ...k  'si 
Annapolis.  Ml).  Dl  I  (ode  4l’n  Vnnapolts  SID 


FAA  C  ode  APM-’Jn  I  lomilal.  \A .iehint!i.m  IM 
El'll  I  ANI  PWO.  Vir*mi.i  Beh  VA 
FMFI.ANI  (El  (Mir.  Ntwlolk  VA 
FORES  I  SERVICE  En*r(t  Stall.  Washington  IK 
I.IDEP  OK  Coruna.  (  A 

(iSA  duel  I  njtr|i  Hr  (title  PCJH  VC  ishmeton .  IK 
INI  I  MARI  I  IMF  INC  l>  Walsh  San  Pedro  (  \ 

IRI  It'll)  Input  Pr>K  Du  IK  Danl.mli  I  .ie.ui  SIN 
KWAJAIEIN  MISRAN  HMI>S«  KKI  ( 

IIHKAKA  OF  C  (INC. KISS  Vi  A  leeh  Do  AA  ..shine  lot.  |M 
MARC  ORDISl  i:  (ode  4  San  li.imoto  l  \ 

MARC  OKPS  FIRM  FSSC.  I  nei  Supp  ( Mil  (  .imp  IViulleton  (  \ 

MARINI  (  ORPS  HASI  (ode  4  01  (.imp  IVntlleton  (  \  (  mk  4ot>  (.imp  I  eieime  Nl  \|  \  R  Doisi.m 
(amp  I  eteune  N(  Maim  ( Mi  (amp  Pendleton  t  \  P  \t  I  VC  I)  \(  t  »S  lav  I  nei  (amp  Htill.t  l\ 

PA(  FWD  Dll  Main!  (  .mliol  (amp  Hutlei  l\  PVA  <  I  (amp  l.ietm.  N(  PWO  lamp  Pendleton  (  \ 
M  AKIIIMI  ADMIN  MAR"tt  K  oikiet  i  Washington  IH 
M(  I  B  I  nl  I  M|si  I  AS  Do  Alham  (.  \ 

Ml  \l  (  ode'  (  144  OuanlKo  \  \ 

Ml  AS  Dii  Ope  Do  I  .k  Maml  Dept  (  hem  Point  N(  Dn  t  til  Do  I  ae  Maim  Dept  (  hem  Poult  N( 
PWO  Kaneohe  Hat  III  PWO  Alima  \/ 

Ml  Dll  M  A  I  Do  Ouaitlleo  A  \  PVA  ( I  Ouanlien  A  A 
MC  RD  S<  I  San  Die  pi  l  A 

N  AF  A  ROIC  Vlnltt.o  lelantl  Dll  I  nen:  Do  I’AAD  Aieuei  lapaii  PAAti  Atsuei  Japan 
NAl  I  ( Ml  San  Diep>  (  \ 

N  AS  (  haee  Fill  (  oeJe  IsVii  Keewlle  l\  (  ode  o|  Alameel.i  l  A  (  *hI.  In'  Kell. oik  I  tJ.llUl  C  ikk  V 

Miramar  San  Die  pro  C  V  C  ink  IsU  c  or  pus  (  hiisti  l\  C  mk  I  Obi  HruiiNWiik  Nil  i  ikIc  <«:  U  (( 
Arnold)  Point  Vlupi  (•  \  C  <hK  N)  Marietta  <i\  (  -hIa  "-I  Willow  (»ro\e  PV  C  oaIa  s  1  P.ii uxciil  River 
MD  (  ink  *1  Patuxent  River  Ml)  (  ixk  s|  N  Patuxent  River  Ml)  Du  I  iuml'  Div  Millintlon  IN  Du 
Maim  Control  I  )n  kev  West  M  Du  M.unt  C  oniiol  PW  D  Henmnla  I  litre  Du  PW  D  Vd.ik  Vk  |.k 
Plan  Hr  Mur  t(  ink  IsM  M  San  Diei*o  <  \  lead  (  1*1  I  PW  D  Vll  He  Ip  Do  Heevilk  l\  PVM)  M.nnl 
Dix  New  OrkaiiN  I  \  PWO  tC  ode  Is.')  Bcnmnla  PVM)  lice  v  ilk  IV  PWO  (  eul  I  icld  II  PVM) 

Dallas  |\  PVM)  Ctknvie*  H  PWO  kellavik  kelainl  PVV  ( )  ke  \  West  II  PWO  kiitK'ulk  IV  PWO 

Millington  IN  PVM)  Mu.uit.u  San  Dkjfo  C  \  PW  (  )  Motlelt  I  k  Id  (  \  PWO  New  Orleans  I  V  PVV  <  I 
S»|f«»nclla  SiaiK  PVM)  South  VMwitoulh  MV  PW  (  )  Willow  (uova  l'\  SC  I  H.iflvis  point  III  SC  I 

C  ubi  Point  HP  Security  <  Mil  1C  »hIc  lsi  Mauuda  C  \  Scvimfv  t  )|fi  kiiU!"'»lk  IX 

N  \  1 1  HI  Kl  M  Ol  SI  \ND\KDS  H  Us  HK  C  MiihA  rslnirn  MD  Hhk  Mat  Div  iMatluvi  (  miiI»a  inIhiic. 

MD  Hkli!  M.it  I )t\  iKoNMiA-rt  <  rail  her  dm  ri:  MD 
N  \ll  R|  S|  \KC  II  (  Ol  M  II  Naval  Studies  Hoard  W.,xhuu-toii  IK 
N  \\  VIR»  NC.C  |  N  (  otk  is:  I  akchutNl  Nl  PW  ( J  lakchursl  Nl 
N  W  MKPkOPII  SIC  I  S  (  O  I  union  Nl 
N  W  VIRII  NIC  I  N  PWO  Patuxent  Rivet  MD 
\  VV  VI  DSVC  HO  DueAtor  I  alb  C  hurvh  V  \ 

N \\  \\  IONIC  C  I  N  Depot  v  Du  PW  |>  |C  »nk  D  "tilt  Indianapolis  IN  |*VV  Div  lndi.iu.i|>o|iv  IN 

N  \\  WNDIPOl  C  «Hk  Mi*"1  I  km  Point  Nc  C  mk  'Uti  Phin.koI.i  II  SCI  N.»ii,.lk  V  \ 

NV\C  \MS  PWO  Norfolk  \  \  SC  I  iC  mk  N'l  V.pk  v  lt.lv  SCI  (C.hIa  V\  m>  Wahiawa  Ill  SCI 
( mam  Mariana  M.oiib 
N  V  V  (  It  V PC  > R l  C  .nk  rut  WilliaiiiNhuii:  \\ 

N  VV C  C  )  \S  I  SV  SC  I  N  C  i*k  P.utam.i  C  tlv  II  (  *hIa  4,';  Panama  <  1 1 \  II  l  «»dv  f » M i  Panama  (  itv  11 

C  »nk  "Is  l  I  Mlltk'ffialll  Panama  C  ii\  I  I  levh  l  ibraiv  Panama  C  itv  II 
N  \\ (  C  >MMS  !  V  CikIi  44 1 1  Nea  M.ikn  t  tt a aa a  Du  M.iiiu  C  .mlicl  PW  D  DiAto  CiaiAia  PVV  (  )  i  xmoiith 
XuNlraha  PWC)  Ihurso  l  k 

N'WCONSIRXC  IN  C  ink  H  I  Port  llucruntA  C  \  C  «hIa  D.' V  Port  Hikikiiu  (  \ 

N  \\|  DIR  XPRODI  \c  |  N  I  a  a  h  I  lb  IViiNaAola  II 

NMIIIXI  IN  DI  I  OK  Winter  HarKu  Ml 

NAMODIIIIICIN  I  a  a  h  l  ibrarv  lmlianlk.nl  MD 

WM  \C  PWO  C  enter vilh  HAh  lermlak  C  \  PWO  Oak  HaiKn  W\ 

NAVI  \C  I  N(  »C  OM  C  O  i(  ink  tWO  Vkxamlri.i  V  V  C  odv  V I  a  xainln..  V  V  C  «»dv  u*’|  Ma  v.hiaIi  i.i  \  V 
(  ink  *)M  (I  vMijeloul  Vkx.uiilria  V  V  C  ink  V  VI  a  v.niitn.i  V  V  (  ink  (|J  V I  Vlexaudita  V  V  C  iuk 
*MA  ID  Vk  xamlri.i  V  V  c  ink  V*  Vlexandn.i  \  X  C  i»cIa  V 4 1  t  Hioom  i  Vk  x.nnliid  \  V  <  otk  tMH  ^ 

Alexandria  V  V  C  mlc  tbI  V  Vkxamlna  V  V  C  ink  (Suia>h)  Vkx.mdria  \  V  C  oik  M,)\li:4  tlihi 

Akxandna  V  V  (  ode  M*t  Vk-xaiulri.i  V  V  C  ihIa  D « » 'H  Vk  v.milna  V  V 
NAVI  AC  I  N(  »C  OM  C  111  S  DIV  (  »nk  MM  W  .ishut^ton  |)C  C  mk  W  ishuu.’lon  I )(  <  .hK  4i  i^ 

Washinpetcm  IK  (  ink  4MM  W.ishm^lon  DC  (  ink  4t»~  (|)  Stluilikl  Wishm^loii  DC  Code  I  P<  )  iC 

WjNh*n^tc»n  IK  (  enk  I PO  IPI  Washington  |K 

NAHAC  I  N(|(  OM  I  AN  I  DIV  Hr  Ok  Du  Naples  It.dv  c  ,Hk  4lH  Norlolk  \  V  1  ibrarv  Norfolk  V  V 


NAVFACENGCOM  -  NORTH  DIN  t  o.  Phil.uk Iphia,  PA.  t  .uk  M4,  Philadelphia.  PA.  Code  M4.AI 

Philadelphia.  PA.  Code  II.  Philadelphia.  PA.  Code  III  Philadelphia.  PA.  t  ode  2n2  2.  Philadelphia.  PA. 

Code  40RAF.  Philadelphia.  PA 

NAVFACENtiCOM  •  PAC  DIN  Code  HUP.  Pearl  llarhor.  Ill  t  ink  MM  (kvil.  Pearl  llarboi.  Ill  lode  2MII 
Pearl  Harbor.  HI:  Code  4112.  RDI&T  l  ot).  Pearl  llarboi  III  libian.  Pearl  llarboi.  III 
NAVFACENC.COM  SOI  III  DIN  (ode  I02IF.  Charleston.  St  .  (ink  1112.  I  h.iilesioii  St  lode  40'. 
Charleston.  SC:  t  ode  44gi.  Charleston.  St  .  tieoleeh  Section  it  ink  4tl22l.  t  h.nleslon.  St  .  I  ibiaiv. 

Charleston.  SC 

NAVFACENtiCOM  •  WESI  DIN  IWP’M.  San  Bruno.  <  V  (ode  t>4l)  San  Hiiino.  t  A.  (isle  l t*lH .  Sail  lliuiio. 
CA;  Code  102 .  San  Bruno,  t  A:  t  ode  2*Hlc.  San  Bruno  l  A.  I  ibi.uv  It  ode  1*4. \2  2|.  San  Bruno.  (  A. 
RDIAE  l.nt).  San  Bruno.  CA 

NAVFACENtiCOM  CONTRACTS  (  ode  4ntl.  Portsmouth  N  A.  IM  tit  <  Diego  t.aieia.  DROIt  t  I  cntooie. 

CA:  DROIt  t  Santa  Ana  CA:  Earle.  ROIt  l  tolls  Neck  VI  OlCt  (mam  Oil  t  Rota  Spam  t  Jit  t 
Virginia  Beach.  VA.  OICC  ROICC  Norfolk  VA.  Rt  Mt  t  It  -Cl  SiKeid.de  W  A.  Rt  )lt  t  it  '01 
Silvcrdale.  V  A.  ROIt  t  It  .ule  4UM.  Portsmouth  N  A.  Roll  t  It  ode  '»|ti  I  s  eielt  W  V  Rt  »lt  t  t  oipus 
Christ i .  I  X:  ROICC.  Crane.  IN  ROIt  t  Jacksonville  I  I  .  Rt  >lt  t  ketlavik  Iceland.  ROIt  t  kev  West 
FI.  ROICC.  Point  Mugu.  CA.  ROIt  C  Ouanluo.  N  A.  ROIt  t  lucnuninc  Plains.  I  N.  ROIt  t  AROItt 
Brooklyn.  NY:  SW  Pac.  OICC.  Manila  RP 
NANFCEl.  DEI  Oil  .  Yokohama.  Japan 

NAN’HOSP  CE.  Newport  Rl.  CO.  Millington  IN.  Du  I  ngig  Do.  t  amp  I  eieune  Nt  PNNO.  Imam  Manana 
Islands.  PNVO.  Okinawa.  Japan.  SCI  (knapowskil  t  ireai  lakes  II  St  I  (  amp  Pendleton  l  V  St  I 
Pensacola  FI..  SCE.  Yokosuka.  Japan 

NAVMAli  Engr  Dir.  PNND.  (mam  Mariana  Islands  St  I  (main  Manana  Islands.  St  I  Subic  Bax  RP 
NAVMARl  ORESCEN  ITJti  Davis.  Raleigh.  Nt 

NAVMEDCOM  MIDI  AM  Rl  (i  PWO.  Norlolk  VA;  NWRIt.  Head  l.u  Menu  Dept.  Oakland.  (  A  Si 
REti.  Hd.  Fac  Mgint  Dept  Jacksonville.  II  SWRIt.  Head  lav  Menu  Dept  San  Diego  (  \  SWRIt, 
OICC,  San  Diego.  (  A 

NAVMEDRSt  HINS  IITI "IE  (  ode  4’.  Belhesda.  Ml) 

NANtK'F.ANO  Code  h2MI)  |M  Paige).  Hav  Si  louis  Ms  I  ihiaiv  Bav  St  loins  Ms 

NAVOCEANSYSCEN  Code  U4  llalkmglonl  San  Diego.  (  \.  lode  ‘Ns4 'It  t li. n side  libiani.  San  Diego  (  A 

NAN ORDMISIESI SI  A  Dir  I  ngrg  PNNI).  While  Samis  NM 

NAVPETOFF  lode  XU.  Alexandria.  VA 

NAN  PtiSCOI  t  ode  hX  it  S  Wu)  Monterev.  (  A 

NAVPHIBASE  Harbor  Clearance  l  nit  Iwo.  Norlolk.  \  A:  PNNO.  Noilolk.  N  \  St  I  Sail  Diego  l  X 
NAVRADRECFAC  kamiseva.  Japan 

NAN'RESREDCOM  Commander  It  oele  <l?2l.  San  Francisco  (  \ 

NAN  St  ( >1  l  E(  OFF  (ode  (44  A  Port  Huctiemc  (  A 

NAVSCSCOI.  PNNO.  Athens  { i A 

NAVSEAt  ENPAt  l  .ule  N2.  Sec  Mgr  San  Diego  l  A 

NAVSEASYSt  OM  Code  lixM.  Washington.  IK  .  t  ode  utdl4  Washmgiiin.  IK  .  toile  SiW't  t.l  (mini 
Washington.  IK  .  Code  (  I  I  IDM  Washington.  IK  .  t  ode  Si  N  tis\t  Washington.  IK 
NAVSEt  (iRCACI  CO.  tialela  Island.  Panama  t  anal.  PNNO  tt  ode  4ui  I  d/ell  Scotland  PNNO  Nvlak  Nk 
PWO.  Sahana  Seca.  PR 

NAVSECCiRCCOM  Code  (i4V  Washington  IK 
NAVSEt  SIA  Dir.  I  ngrg.  PWD.  Washington  IK 

NANSHIPRI  I’FAt  librarv.  (mam  St  I  Subic  Bav  RP.  St  I  Nokosuka  Inpan 

NAVSHIPYD  CO.  Philadelphia.  PA.  (air  Inlet  Acoustic  Range  Bieineilon.  W  \  (ode  I  >4  Peall  llaiboi 
HI.  (ode  ’M2  4  l.ong  Beach  t  A.  t  ihIc  21*2  '  tlibialvl  Bieillciton.  NN  X  (  ode  ts2  '  IV. ill  llarl'oi  III 

(  ode  42M.  l.ong  Beach.  (At  ihIc  440  Portsmouth  Nil  t  iule  440  4  Bieilleilotl.  NN  V  t  ode  44 V 

Bremerton.  WA.  Code  ‘KIN.  long  Beach.  (  A.  librarv  Portsmouth  Nil  Mate  Island,  lode  2M2  1C  Nalleto 
CA.  Mare  Island,  (ode  ’Nt>.  Nalleto.  t  A.  Mare  Island,  t  ink  4H4.  Nalleto.  (  V  Mate  Island  (ode  421 

Vallejo.  CA.  Mare  Island,  t  ode  4.s7.  Nallcm.  (  A.  Mare  Island  PNNO  Nalleto.  (  X  Norlolk  (oik  eso 

Portsmouth,  VA.  Norlolk.  (ink*  420.  Portsmouth.  X  \  Nintolk.  (  oile  440  Poilsmoulh.  N  \.  Noilolk. 

Code  4N*-D.  Portsmouth  N  A  Norlolk.  (  ode  4s‘,|  Poilsmoulh  N  X  PNNO  Bieineilon  W  \ 

NAVSI.A  A  Sugihara.  Pearl  Harbor.  III.  CO.  Biooklvn.  NN  (O  long  Beach  t  X  ((•  Roosevelt  Roads. 

PR.  (ode  42. V  Norlolk.  VA.  Code  N42I5.  Mavporl.  II  Du  I  net  Do  PNND  It  ode  Is2mt|.  Mavpott.  II  . 
Dir.  Engr  Dtv .  PWD.  (tuanlanamo  Bav.  Cuba.  I  ngrg  Dir  Rota  Spam.  PNNO  ( iiiaiilaiiamo  Bav  tuba. 
PWO.  Mavport.  El  .  NIT  (mam  Marianas  Islands.  St  I  San  Diego  t  V  Nt  I  Nubu  Bav  RP.  I  til  I  ngic 
()(fr.  Rota.  Spain.  Wl  UN.  (manlanamo  Bav.  (  uba 
NAN'SCPPACI  PWO  ilolv  l.och.  I  K.  PWO  Naples  llalv 
NAVSCPPFAC  Dir.  Maml  Control  Do  PWD  Ihurmonl  Ml) 

NAVSCPPO  See  Offr.  l  a  Maddalena.  Italy 

NAVSWC  Code  E2II  It  Rouse).  Dahlgren  VA.  Dl  I  PWO  While  Oak  Silver  Spimg  Nil)  PNNO 
Dahlgrcn.  VA 

NA VTECHTRAt  I  N  SCE.  Pensacola  FI 
NAVWARCOI.  t  odc  24.  Newport.  Rl 


NAVWPNCEN  Code  26303.  China  Lake.  CA:  Code  2636.  China  Lake.  CA:  DROICC  (Code  702).  China  Lake. 

CA:  PWO  (Code  266).  China  Lake.  CA 
NAVWPNSFAC  Wpns  Offr.  St.  Mawgan.  England 

NAVWPNSTA  Code  092.  Concord  CA:  Dir.  Main!  Control.  PWD.  Concord.  CA:  Dir.  Maim  Control. 

Yorktown.  VA:  Earle.  Code  092.  Colts  Neck.  NJ:  Earle.  PWO.  Colts  Neck.  NJ:  Lngrg  Div.  PWD. 

Yorktown.  VA:  PWO.  Charleston.  SC:  PWO.  Seal  Beach.  CA 
NAVWPNSTA  PWO.  Yorktown.  VA 
NAVWPNSTA  Supr  Gen  Engr.  PWD.  Seal  Beach.  CA 
NAVWPNSUPPCEN  Code  09.  Crane.  IN 
NETC  Code  42.  Newport.  RI:  PWO.  Newport.  Rl 
NCR  20.  CO.  Gulfport.  MS.  20.  Code  R70.  Gulfport,  MS 
NAVENENVSA  Code  IIIE  (Bruder).  Port  Hucneme.  CA 
NETPMSA  UNIT  Tech  Library.  Pensacola.  FL 
NMCB  3.  Operations  Offr:  40.  CO:  5.  Operations  Dept:  74.  CO 
NOAA  Library.  Rockville.  MD 

NORDA  Code  1121 SP.  Bay  St.  Louis.  MS:  Ocean  Rsch  Off  (Code  440).  Bay  St  Louis.  MS 
NRL  Code  2511  (Civil  Engrg).  Washington.  DC:  Code  5H00.  Washington.  DC:  Code  6123  (Dr  Brady). 
Washington.  DC 

NSC  Cheatham  Annex.  PWO.  Williamsburg.  VA:  Code  54.1.  Norfolk.  VA:  Code  700.  Norlolk.  VA  Fac  A 
Equip  Div  (Code  43)  Oakland.  CA:  SCE.  Charleston.  SC:  SCE.  Norlolk.  VA 
NSD  SCE.  Subic  Bay.  RP 

NUSC  DET  Code  3322  (Brown).  New  London.  CT:  Code  3232  (Varies)  Ness  London.  Cl;  Code  44  (RS 
Munn).  New  London.  CT:  Code  TAI3I  (Dc  la  Cruz).  New  London.  CT:  Lib  (('ode  4533).  Newport.  Rl 
OC'NR  Code  1121  (EA  Silva).  Arlington.  VA:  Code  12.34.  Arlington.  VA:  Code  33.  Arlington.  VA 
OFFICE  SECRETARY  OF  DEFENSE  OASD.  Energv  Dir.  Washington.  DC 
PACMISRANFAC  PWO.  Kauai.  HI 

PHIBCB  I.  CO.  San  Diego.  CA.  I.  P&E.  San  Diego.  CA:  2.  CO.  Norlolk.  VA 

PWC  ACE  Office.  Norfolk.  VA:  Code  10.  Great  Lakes.  II.:  Code  10.  Oakland.  CA:  Code  If  HI.  Guam.  Mariana 
Islands:  Code  101  (Library).  Oakland.  CA:  Code  101.  Great  Lakes.  II.:  Code  III).  Oakland.  CA:  Code 
123-C.  San  Diego.  CA:  Code  30.  Norfolk.  VA:  Code  400.  Great  Lakes.  II.:  Code  4(H).  Oakland.  CA;  Code 
400.  Pearl  Harbor.  HI:  Code  400.  San  Diego.  CA:  Code  420.  Great  Lakes.  II.:  Code  420.  Oakland.  CA; 

Code  422.  San  Diego.  CA:  Code  423.  San  Diego.  CA:  Code  424.  Norlolk.  VA;  Code  425  (I  N  Ka\a.  P.E  ). 
Pearl  Harbor.  HI:  Code  438  (Areslo).  San  Diego.  CA:  Code  500.  Great  Lakes.  IF:  Code  500.  Norlolk.  VA: 
Code  500.  Oakland.  CA:  Code  505A.  Oakland.  CA:  Code  590.  San  Diego.  CA:  Code  000.  Great  Lakes.  IL: 
Code  610.  San  Diego  Ca:  Code  700.  Great  Lakes.  II. :  Code  700,  San  Diego.  CA:  Fae  Plan  Depi  (Code 
1011).  Pearl  Harbor.  HI:  Librarv  (Code  134).  Pearl  Harbor.  HI:  Library.  Guam.  Mariana  Islands:  Librarv. 
Norfolk.  VA:  Library.  Pensacola.  Fl.;  Library.  Yokosuka  JA:  Teeh  Library.  Subic  Bax.  RP:  Util  Ollr. 

Guam.  Manana  Island 

SPCC  PWO  (Code  USX).  Mechaniesburg.  PA 

SUBASE  Bangor.  PWO  (Code  8323).  Bremerton.  H  A:  SCE.  Pearl  Harbor.  III 

SUPSHIP  Tech  Library.  Newport  News.  VA 

HAYNES  &  ASSOC  H  Haynes.  PE.  Oakland.  CA 

UCT  ONE  CO.  Norfolk.  VA 

UCT  TWO  CO.  Port  Huencme.  CA 

U  S.  MERCHANT  MARINE  ACADEMY  Reprint  Custodian.  Kings  point.  NY 

US  DEPT  OF  INTERIOR  BL.M.  Engrg  Div  (7.30).  Washington.  DC:  Nat  I  Park  Svc.  RMR  PC.  Denver.  CO 
US  GEOLOGICAL  SURVEY  Marine  Geology  Olfe  (Pitelekil.  Reston.  VA 
USCINC'PAC  (ode  J44.  Camp  HM  Smith.  HI 

USDA  Ext  Serv  (T  Maher).  Washington.  DC;  For  Svc.  Reg  Bridge  I  ngr.  Aloha.  OR.  Forest  Prod  Lab 

(DeGroot).  Madison.  Wl;  Forest  Prod  Lab  (Johnson).  Madison.  Wl:  Forest  Prod  Lab.  Iibi.  Madison.  Wl. 
Forest  Serv.  Reg  X.  Atlanta.  GA 

USNA  Mech  Engrg  Dept  (Hasson).  Annapolis.  MI):  Mgr.  Engrg.  Civil  Specs  Hr.  Annapolis.  Ml).  PWO. 

Annapolis.  MD:  Stop  lid.  Annapolis.  MD 
USS  USS  FULTON.  Code  W-3.  New  York.  NY 
ADVANCED  TECHNOLOGY'  Ops  Cen  Mgr  (Moss).  Camarillo.  CA 
CALIF  DEPT  OF  NAVIGATION  &  OCEAN  DEV  G  Armstrong.  Sacramento.  (  A 
CALIF  MARITIME  ACADEMY  Library.  Valleio.  CA 
CITY  OF  BERKELEY  PW.  Engr  Div  (Harrison).  Berkelev.  CA 
CLARKSON  COLL  OF  TEC  H  CE  Dept  (Batson).  Potsdam.  NY 
COLORADO  SCHOOL  OF  MINES  Depl  ol  Engrg  ((  hung).  Golden  CO 

CORNELL  UNIVERSITY  Civil  A:  Environ  l  ngrg  (Dr  Kiilhawvl.  Ithaca  NY.  Iihraiv.  Ithaca.  NY 

DAMES  &  M(X)RE  LIBRARY  Los  Angeles.  (  A 

DUKE  UNIV  MEDICAL  (  ENTER  CE  Dept  (Mugal.  Durham  N( 

FLORIDA  ATLANTIC  UNIVERSITY  Ocean  l  ngrg  Depi  (Hunt)  Boca  Raton  II  ( Kean  Lngrg  Dept 
(McAllister).  Boca  Raton.  FL 

FLORIDA  INST  OF  TECH  CE  Dept  (Kalananl.  Melbourne.  Fl 


INSTITUTE  OF  MARINE  SCIENCES  Dir.  Mon-head  Cilv.  NC:  Library.  Pori  Aransas.  TX 
WOODS  HOLE  OCENAOGRAPHIC  INST  Proj  Engr.  Woods  Hole.  MA 

LEHIGH  UNIVERSITY  CE  Dept.  Hydraulics  Lab.  Bethlehem.  PA:  Linderman  Libr.  Ser  Cataloguer. 

Bethlehem.  PA:  Marine  Geotech  Lab  (A.  Richards).  Bethlehem.  PA 
LOS  ANGELES  COUNTY  Rd  Dept  <J  Vicclja).  Los  Angeles.  CA 
MAINE  MARITIME  ACADEMY  Lib.  Castinc.  ME 

MICHIGAN  TECHNOLOGICAL  UNIVERSITY  CE  Dept  (Haas).  Houghton.  Ml 
MIT  Engrg  Lib.  Cambridge.  MA:  Lib.  Tech  Reports.  Cambridge.  MA 
NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibcl.  Las  Cruces.  NM 
NEW  YORK-NEW  JERSEY  PORT  AUTH  R&D  Engr  (Yontar).  Jersey  City.  NJ 
NY  CITY  COMMUNITY  COLLEGE  Library.  Brooklyn.  NY 

OREGON  STATE  UNIVERSITY  CE  Dept  (Grace).  Corvallis.  OR:  CE  Dept  (Hicks).  Corvallis.  OR: 
Oceanography  Scol.  Corvallis.  OR 

PENNSYLVANIA  STATE  UNIVERSITY  Rsch  Lab  (Snyder).  State  College.  PA 
PORT  SAN  DIEGO  Proj  Engr.  Port  Fac.  San  Diego.  CA 

PURDUE  UNIVERSITY  CE  Scol  (Altschaeffl).  Lafayette.  IN;  C'E  Scot  (Leonards).  Lafayette.  IN;  Engrg  Lib. 
Lafayette.  IN 

SAN  DIEGO  STATE  UNIV.  CE  Dept  (Noorany).  San  Diego.  CA 
SEATTLE  UNIVERSITY  CE  Dept  (Schwaeglcrj.  Seattle.  WA 

SOUTHWEST  RSCH  INST  J.  Hokanson.  San  Antonio.  TX:  R  DeHart.  San  Antonio  TX 
STATE  UNIV  OF  NEW  YORK  CE  Dept  (Reinhorn).  Buffalo.  NY:  CE  Dept.  Buffalo.  NY 
TECH  UTILIZATION  K  Willinger.  Washington.  DC 
TEXAS  A&I  UNIVERSITY  Civil  &  Mech  Engr  Dept.  Kingsville.  TX 

TEXAS  A&M  UNIVERSITY  CE  Dept  (Ledbetter).  College  Station.  TX:  CE  Dept  (Nicdzwccki).  College 
Station.  TX;  Ocean  Engr  Proj.  College  Station.  TX 
UNIVERSITY  OF  ALASKA  Biomed  &  Marine  Sci  Lib.  Farbanks.  AK 

UNIVERSITY  OF  CALIFORNIA  CE  Dept  (Gcrwick).  Berkeley,  CA:  CE  Dept  (Taylor).  Davis.  CA:  Marine 
Rsrs  Inst  (Spiess).  La  Jolla.  CA 

UNIVERSITY  OF  DELAWARE  Engrg  Col  (Dexter).  Lewes.  DE 

UNIVERSITY  OF  HAWAII  Library  (Sci  &  Tech  Div).  Honolulu.  HI:  Ocean  Engrg  Dept  (Ertekin).  Honolulu. 
HI 

UNIVERSITY  OF  ILLINOIS  Arch  Scol  (Kim).  Champaign.  IL:  CE  Dept  (W  Gamble).  Urbana.  IL:  Library. 

Urbana.  IL;  M.T.  Davisson.  Urbana.  ILr  Metz  Ref  Rm.  Urbana.  IL 
UNIVERSITY  OF  MASSACHUSETTS  ME  Dept  (Heroneumus).  Amherst.  MA 
UNIVERSITY  OF  MICHIGAN  CE  Dept  (Richart).  Ann  Arbor.  MI 
UNIVERSITY  OF  NEBRASKA-LINCOLN  Polar  Ice  Coring  Office.  Lincoln.  NE 

UNIVERSITY  OF  NEW  MEXICO  NMERI  (Falk).  Albuquerque.  NM:  NMERI  (Leigh).  Albuquerque.  NM 
UNIVERSITY  OF  RHODE  ISLAND  CE  Dept  (KW  Lee).  Kingston.  Rl 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  Breen.  Austin.  TX:  CE  Dept  (Thompson).  Austin.  TX:  ECJ  5  402 
(Friedrich),  Austin.  TX:  ECJ  5.402  (Tucker).  Austin.  TX 
UNIVERSITY  OF  WASHINGTON  CE  Dept  (Mattock).  Seattle.  WA 
UNIVERSITY  OF  WISCONSIN  Great  Lakes  Studies.  Ctr.  Milwaukee.  Wl 
VENTURA  COUNTY  Deputy  PW  Dir.  Ventura.  CA:  PWA  (Brownie).  Ventura.  CA 
WESTERN  ARCHEOLOGICAL  CENTER  Library.  Tucson  AZ 
ALFRED  A  YEE  DIV  L  A.  Daly.  Honolulu.  HI 
AMERICAN  CONCRETE  INSTITUTE  Library.  Detroit.  MI 
AMETEK  OFFSHORE  RSCH  Santa  Barbara.  CA 
APPLIED  SYSTEMS  R.  Smith.  Agana.  Guam 
ARVID  GRANT  &  ASSOC  Olympia.  WA 
ATLANTIC  RICHFIELD  CO  RE  Smith.  Dallas.  TX 
BABCOCK  &  WILCOX  CO.  Tech  Lib.  Barberton.  OH 

BATTELLE  D  Frink,  Columbus.  OH;  New  Eng  Marine  Rsch  Lab.  Lib.  Duxbury.  MA 

BECHTEL  NATL.  INC  Woolston.  San  Francisco.  CA 

BETHLEHEM  STEEL  CO.  Engrg  Dept  (Dismuke).  Bethlehem.  PA 

BROWN  &  ROOT  Ward.  Houston.  TX 

CANADA  Viateur  De  Champlain.  D.S.A..  Matanc.  Canada 

CHEMED  CORP  Dearborn  Chem  Div  Lib,  Lake  Zurich.  IL 

CLARENCE  R  JONES.  CONSULTN.  LTD  Augusta.  GA 

COASTAL  SCI  &  ENGRG  C  Jones.  Columbia.  SC 

COLUMBIA  GULF  TRANSMISSION  CO.  Engrg  Lib.  Houston.  TX 

CONSTRUCTION  TECH  LABS.  INC  Dr.  Corley.  Skokie.  IL 

CONTINENTAL  OIL  CO  O.  Maxson.  Ponca  City.  OK 

KLING-LINDOUIST.  INC  M  Garlich.  Chicago.  IL 

DILLINGHAM  PRECAST  (HD&C).  F  McHale.  Honolulu.  HI 

DRAVO  CORP  Wright.  Pittsburg.  PA 

EASTPORT  INTL.  INC  Mgr  (JH  Osborn).  Ventura.  CA 


ENERCOMP  H,  Amistadi.  Brunswick.  ME 

EVALUATION  ASSOC.  INC  MA  Fcdclc.  King  of  Prussia.  PA 

GENERAL  DYNAMICS  Dept  443  (DcLconc).  Groton.  CT 

GEOTECHNICAL  ENGRS.  INC  Murdock.  Winchester.  MA 

GLIDDEN  CO.  Rsch  Lib.  Strongsville.  OH 

GOULD  INC.  Ches  Instru  Div.  Tech  Lib.  Gen  Burnie.  MD 

HALEY  At  ALDRICH.  INC.  HP  Aldrich.  Jr.  Cambridge.  MA 

HUDSON  MARITIME  SVCS.  LTD  Harter.  Philadelphia.  PA 

KTA-TATOR.  INC  Pittsburg.  PA 

LIN  OFFSHORE  ENGRG  P.  C  how.  San  Francisco  CA 

LINDA  HALL  LIBRARY  Doc  Dept.  Kansas  City.  MO 

M.C.D.  F.  Marek.  Orangevale.  CA 

MARATHON  OIL  CO  Houston  TX 

MARINE  CONCRETE  STRUCTURES  INC  W.A.  Ingraham.  Metairie.  LA 

MARITECH  ENGRG  Donoghue.  Austin.  IX 

MOBAY  CORP-PLASTICS  M  Kocak.  Pittsburg.  PA 

MOBIL  R  At  D  CORP  Offshore  Eng  Library.  Dallas.  TX 

MOFFATT  At  NICHOL  ENGRS  R  Palmer.  Long  Beach.  CA 

MUESER  RUTHLEDGE.  CONSULTING  ENGRS  New  York.  NY 

NEW  ZEALAND  NZ  Concrete  Rsch  Assoc.  Library.  Porirua 

PROF  SVCS  INDUSTRIES.  INC  Dir.  Roofs  (Lyons).  Houston.  IX 

PACIFIC  MARINE  TECHNOLOGY  (M.  Wagner)  Duvall.  WA 

PRC  ENGRG.  INC  Schramm.  Chicago.  11. 

RAYMOND  INTL.  INC  Soil  Tech  Dept  (0  Colie).  Pennsauken.  NJ 

SAUDI  ARABIA  King  Saud  Univ.  Rsch  Ccn.  Riyadh 

SEATECH  CORP  Pcroni.  Miami.  FL 

SHELL  OIL  CO  EAT  Civil  Engrg.  Houston.  TX 

SIMPSON.  GUMPERTZ  &  HEGER.  INC  E  Hill.  CE.  Arlington.  MA 

Kl.INCi-LINDOUIST.  INC  Radwan.  Philadelphia.  PA 

TEXTRON.  INC  Rsch  Ccn  Lib.  Buffalo.  NY 

TIDEWATER  CONSTR  CO  J  Fowler.  Virginia  Beach.  VA 

TILGHMAN  STREET  GAS  PLANT  E.  Srcas.  Chester.  PA 

TREMCO.  INC  M  Raymond.  Cleveland.  OH 

WESTINGHOUSE  ELECTRIC  CORP  Library.  Pittsburg.  PA 

WISS.  JANNEY.  EI.STNER.  &  ASSOC  DW  Pfeifer.  Northbrook.  II. 

WOODWARD-CLYDE  CONSULTANTS  R  Cross,  Walnut  Creek.  CA:  R  Dominguez.  Houston.  TX:  W  Reg. 

Lib.  Walnut  Creek.  CA 
YOUTSEY.  DJ  Architect.  Kansas  City.  KS 
BESIER.  RF  CE.  Old  Sayhrook.  CT 
BRADFORD  ROOFING  T  Ryan.  Billings.  Ml 
BULLOC  K.  TE  La  Canada.  CA 
C  HAO.  JC  Houston.  TX 
DE  PALMA.  J  R  Picayune.  MS 
DOBROWOLSKI.  JA  Altadcna.  CA 
HANDLEY.  DM  Ciulf  Breeze.  FL 
HAYNES.  B  Austin.  TX 
HIRSCH  At  CO  L  Hirsch.  San  Diego.  CA 
KLEIGER.  PAUL  CE.  Northbrook.  II 
LAYTON.  JA  Redmond.  WA 
MERMEI  .  TW  Washington.  DC 
PAULI.  DC  Silver  Spring.  MD 
PETERSEN.  C'APT  N.W  Pleasanton.  (  A 
PRESNEI.L  ASSOC.  INC  DG  Prevncll.  Jr.  Louisville.  KY 
OUIRK.  J  Panama  City.  FL 
SETHNESS.  D  Austin.  IX 
SPIELVOGEL.  1.  Wyncote.  PA 
STEVENS.  TW  Long  Beach.  MS 
VAN  ALLEN.  B  Kingston.  NY 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the  label 
on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving. 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Add  -  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  -  cheek  box  on  list. 

•  Change  my  address  —  line  out  incorrect  line  anti  write  in  correction  (PLEASE  ATTACH  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select 
Fold  on  line  below  and  drop  in  the  mail. 

Note:  Numbers  on  label  but  not  listed  on  questionnaire  are  for  NCEL  use  only,  please  ignore  them. 


Fold  on  line  and  staple. 
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Commanding  Officer 
Code  L08B 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California  93043-5003 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (including  corrosion 

control,  coatings) 

3  Waterfront  structures  (maintenance/deterioration  control) 

4  Utilities  (including  power  conditioning) 

5  Explosives  safety 

6  Aviation  Engineering  Test  Facilities 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (including  hardened  shelters, 

shock  and  vibration  studies) 

1 1  Soil/rock  mechanics 

13  BEQ 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (including  shelters,  power  generation,  water  supplies) 

17  Expedient  roads/airfields/bridges 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over-the-Beach  operations  (including  containerization. 

materiel  transfer,  lighterage  and  cram's  I 

20  POL  storage,  transfer  and  distribution 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems, 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Site  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

37  Wastewater  management  and  sanitary  engineering 

38  Oil  pollution  removal  and  recovery 

39  Air  pollution 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  and  operations  (including 

diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Anchors  and  moorings 

49  Undersea  power  systems,  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (including  site  surveying) 

52  Ocean  based  concrete  structures 

53  Hyperbaric  chambers 

54  Undersea  cable  dynamics 


TYPES  OF  DOCUMENTS 

85  Techdau  Sheets  86  Technical  Reports  and  Technical  Notes  82  NCEL  Guide  &  Updates  ' ;  None- 

83  Table  of  Contents  &  Index  to  TDS  91  Physical  Security  remove 


PLEASE  HELP  US  PUT  THE  ZIP  IN  YOUR 
MAIL!  ADD  YOUR  FOUR  NEW  ZIP  DIGITS 
TO  YOUR  LABEL  (OR  FACSIMILE), 
STAPLE  INSIDE  THIS  SELF-MAILER,  AND 
RETURN  TO  US. 


(fold  h«r«) 
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OFFICIAL  BUSINESS 
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